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Abstract. The Transylvanian Plain, Romania is an important region for agronomic productivity. 
However, limited soils data and adoption of best management practices can hinder land productivity. Soil 
temperatures of the Transylvanian Plain were evaluated using a set of twenty datalogging stations 
positioned throughout the plain. Soil temperatures were monitored at the surface, 10 cm, 30 cm, and 50 
cm, and soil moisture was monitored at 10 cm. Pedons were excavated, described, and sampled for 
physicochemical analysis. Preliminary results indicate that most soils of the Transylvanian Plain will have 
a mesic temperature regime. However, differences in seasonal warming and cooling trends across the 
plain were noted. These have important implications for planting recommendations. Some soils of the 
plain were noted to freeze at 50 cm, while others did not. Longer term study of temperatures of the 
Transylvanian Plain will average out annual variation in soil temperature and evaluate the impact of slope 
aspect, slope inclination, soil moisture, and physicochemical properties on soil temperatures. 
 




The Transylvanian Plain (TP) of north central Romania has been an important area since 
the Roman Empire. Today, the TP is an important area for the agronomic production of corn, 
wheat, sugar beet, tobacco, and sunflower. Apple and plum orchards are also common. The area 
is bounded by the eastern branch of the Carpathian Mountains, Târnavei Tableland in the south 
and the Apuseni Mountains to the west. Contrary to its name, the TP is not a geographically flat 
plain, but rather a collection of rolling hills approximately 300 to 450 m in south and 550-600 m 
in north above sea level. In addition to agricultural resources, the TP is rich in minerals to include 
natural gas and salt. The larger region of Transylvania accounts for ~35% of Romania’s gross 
domestic product (GDP), making it vital to the country’s prosperity. Important cities of the TP 
are generally found around its perimeter to include Cluj-Napoca, Turda, Targu Mures, and 
Reghin. Travel across the TP is limited to a few two lane roads and sporadic railroad service.  
Farms of the TP exist dominantly as small, privately owned plots of land, many of which 
are harvested by hand (especially corn) and brought to the local markets by horse and buggy. In 
many of these areas, farming practices have been conducted in the same manner for generations. 
In many cases, limited access to technology and experience with best management practices has 
combined to restrict agricultural productivity. Another such constraint is soil temperature. Many 
studies have shown that seed germination is influenced by soil temperatures (Read and Beaton, 
1963; Anda and Pinter, 1994; Helms et al., 1997, Russelle et al., 1984), though many farmers in 
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the TP still sow their fields on the same date and in the same manner as they have for 
generations.  
Climate of the TP is highly dynamic, ranging from hot summers with high temperatures 
of >25°C to very cold winters with lows ~-5°C (Climate charts, 2007). The southern TP generally 
has a xeric moisture regime with steppe vegetation while moisture increases somewhat in the 
northern TP as an udic moisture regime. However, information on soil temperatures of the TP is 
very limited. Demetrescu et al. (2001) studied lithosphere temperatures at depths of 100 to 1100 
m and found evidence of cooling and warming in response to the Weichselian glaciation and 
contemporary climate warming, respectively. Similar findings of warming since the last 
glaciation were found by Serban et al. (2001), who studied borehole temperatures from 750 to 
1400 m on the TP. However, near-surface temperatures have often been estimated from air 
temperatures, with little long term study and virtually no soil temperature data. The goals of this 
study are to: 1) characterize the soil resources and establish a network of datalogging stations to 
measure soil temperatures across the TP, 2) develop interpolated soil temperature regimes from 
collected data, 3) evaluate variables such as slope inclination and aspect which impact soil 
temperatures, and 4) make recommendations to farmers on optimal planting dates for seed 
germination of local crops.   
  
MATERIALS AND METHODS 
 
Twenty datalogging stations have been deployed across the TP on divergent soil types, 
slopes, and aspects. The location of each site was recorded using Garmin eTrex Vista (Olathe, 
KS, USA) handheld GPS units. 
Ten datalogging stations were 
installed in March of 2008, with an 
additional ten stations installed in 
March of 2009. HOBO Smart 
Temp (S-TMB-M002) temperature 
sensors and EC-5 (S-SMC-M005) 
moisture sensors were connected to 
HOBO Micro Stations (H21-002) 
at each site (On-set Computer 
Corp., Bourne, MA, USA). 
Additionally, at 10 of the 20 sites, 
tipping bucket rain gauges (RG3-
M) were deployed (On-set 
Computer Corp., Bourne, MA, 
USA).  
At sites with a tipping 
bucket rain gauge, the following 
data were recorded: soil 
temperature at 10, 30, and 50 cm; 
soil moisture at 10 cm; surface air 
temperature; and precipitation. At 
sites without a tipping bucket rain 
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gauge, the following data were recorded: soil temperature at 10 and 50 cm; soil moisture at 10 
cm; and surface air temperature. Data is downloaded from the Micro Stations every two months 
via laptop computer using HOBOware Pro Software Version 2.3.0 (On-set Computer Corp., 
Bourne, MA, USA).  
Digital soil maps were created by scanning and georeferencing 1:200,000 paper soil 
surveys (Research Institute for Soil Science and Agrochemistry, 1994, 1988) with ArcGIS 9.2 
(Redlands, CA, USA). A total of 1,472 individual soil polygons were digitized across the TP. The 
polygons showing the greatest extent over the 395,616 ha area are given in Table 1. 
 
Tab. 1 
Table 1. Soils of the Transylvanian Plain of more than 10,000 ha. 
Map Unit 





Approximate US Soil 
Taxonomy Equivalent 
RS Protisol (Regosol) 37,597 9.50% Orthent 
CCti/5 Cernisol (Chernozem) 20,051 5.07% Udoll 
CMar/1 Cernisol (Phaeozem) 18,963 4.79% Udoll 
NF/2 Cernisol (Phaeozem) 17,479 4.42% Udoll 
BPpz/1 Luvisol (Luvosol) 15,762 3.98% Hapludalf 
BDmo Luvisol (Preluvosol) 15,528 3.93% Hapludalf 
BMti/2 Cambisol (Eutricambosol) 14,060 3.55% Eutrudept 
CMar/2 Cernisol (Phaeozem) 12,883 3.26% Aquoll 
BDti Luvisol (Preluvosol) 12,705 3.21% Hapludalf 
NF Cernisol (Phaeozem) 12,443 3.15% Udoll 
BPti Luvisol (Luvosol) 11,160 2.82% Hapludalf 
BPpz Luvisol (Luvosol) 11,011 2.78% Epiaqualf 
SAgz/2 Protisol (Aluviosol) 10,978 2.77% Fluvent 
CC/2 Cernisol (Chernozem) 10,493 2.65% Udoll 
 
At each site, pedons were excavated by hand to a depth of ~60 cm, horizonated, 
described, and sampled in accordance with the Soil Survey Staff (2002). Samples were shipped to 
the LSU AgCenter for physicochemical analysis. Analyses included soil texture via pipette with 
24 h clay readings and sieved sands (53µm) (Soil Survey Staff, 2004), pH and salinity via 
saturated paste (Soil Survey Staff, 1954), organic matter via loss on ignition (Nelson and 
Sommers, 1996), bulk density with coring rings (Blake and Hartge, 1986), and elemental analysis 
with Mehlich 3 extractant followed by inductively coupled plasma atomic emission spectroscopy 





RESULTS AND DISCUSSION 
 
Analysis of collected samples shows soil textures were mostly clay, silty clay, silty clay 
loam, and clay loam. With the exception of Zoreni and Nuseni, all soil pH values were neutral to 
alkaline, ranging from 6.88 to 7.89 with an average of 7.45. Zoreni and Nuseni were slightly 
acidic ranging from 5.56 to 5.96. Salinity levels were very low, ranging from 0.383 to 1.212 dS 
m-1 and an average of 0.716 dS m-1. Two bulk density samples were taken at each site: one at 10 
cm, the second at 30 cm. Bulk density across the sites ranged from 0.83 to 1.50 g cm-3 with an 
average of 1.29 g cm-3. Of the 40 samples tested, only three had bulk density values of < 1.0 g 
cm-3; anomalies likely tied to crack space between peds within the sampling ring. To date, 
organic carbon and elemental analysis are only complete for sites 1-10. Among those sites, 
organic carbon percentage decreased with depth at every site except Dipsa where the sampling 
site is in a large alluvial floodplain. Organic carbon percentage at the surface was typically ~3-
4% and decreased to ~1-2% in the subsoil. Elemental analysis showed the following averages 
between surface and subsoils across sites 1-10: 325 mg kg-1 (P), 888 mg kg-1 (K), 5,605 mg kg-1 
(Ca), 442 mg kg-1 (Mg), 16 mg kg-1 (Zn), 5 mg kg-1 (Cu), 39 mg kg-1 (Na), and 29 mg kg-1 (S). 
While data collected thus far is only preliminary, it shows several interesting trends. 
Specifically, an area in the northern part of the TP seems to have cooler temperatures in the 
summer and warmer temperatures in winter at 50 cm. Data from May 2008 – May 2009 at two 
transects of three sites each from north to south (Transect #1: Taga, Caianu, and Triteni; Transect 
#2: Dipsa, Craiesti, and Band) show similar trends. For Transect #1, Taga (the farthest north) had 
the coolest temperatures for May, 2008. By September 2008, Taga remained warmer than Caianu 
and Triteni; a trend that lasted through January, 2009. In January 2009, temperatures at Taga 
remained above freezing while Caianu and Triteni approached 0°C at 50 cm. Several 
explanations for this are possible including 1) disparate precipitation between the sites (analysis 
of moisture data will confirm or refute this theory), 2) early snowpack in the winter serving as an 
insulator against even colder air temperatures, 3) thermal differences caused by inclination, 
aspect, or vegetative cover, and 4) influence of subsurface moisture from a high water table. By 
April-May 2009, 50 cm temperatures at Caianu and Triteni again surpassed Taga in a pattern 
similar to the same months in 2008. At Transect #2, 50 cm temperatures at Dipsa (the farthest 
north) were slightly cooler than Craiesti and Band (farthest south) from May-August 2008. But 
by November 2008, temperatures at Dipsa stayed warmer than the other two sites. Craiesti and 
Band both froze at 50 cm in mid-January 2009, while Dipsa remained >0°C. By April-May 2009, 
temperatures at Band and Craiesti again surpassed Dipsa in a pattern similar to 2008. Careful 
evaluation of these variables will be considered as the dataset grows across several years. 
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 Calculation of soil temperature regime according to the Soil Survey Staff (2006) consists 
of averaging soil temperatures at 50 cm between summer (June, July, and August) and winter 
(December, January, and February). The Soil Survey Staff (2006) defines mesic soil temperature 
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as a “mean annual soil temperature that is >8°C, but <15°C where the difference between mean 
summer and mean winter soil temperatures is more than 6°C at 50 cm or at a densic, lithic, or 
paralithic contact, whichever is shallower.” Year 1 data from sites 1-10 show that all sites have a 
mean annual soil temperature of ~10°C at 50 cm with more than 6°C variation between summer 
and winter. Thus, it appears as though mesic is the appropriate soil temperature regime for soils 
of the TP. However, the data also indicate seasonal differences in warming and cooling patterns 
across the TP which will be used to create planting recommendations for farmers to optimize 
crop germination. However, several years of data are needed before specific recommendations 




Soil temperatures of the Transylvanian Plain, Romania were evaluated via twenty 
datalogging stations. Preliminary results from year 1 of the study indicate that the soil 
temperature regime will be mesic. However, temperature differences do exist across the plain. 
Specifically, some soils seasonally freeze to a depth of 50 cm while others do not. Also, some 
soils warm more quickly in the spring than others. Continued evaluation of three to five years of 
data will eliminate bias of individual years. Also, the influence of slope aspect, slope inclination, 
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